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Abstract 
In this study, we propose to analyze aspects related to the development of syllogistic reasoning during primary school. We 
selected 215 primary school children, who were asked to solve two lists of syllogisms: a list of 16 syllogisms, grouped into 4 
categories: universally affirmative, universally negative, particularly affirmative and particularly negative and a list of eight 
counterfactual syllogisms, two belonging to each category. The results of the survey show that, in the case of intergroup 
comparisons, no significant differences are registered among young schoolchildren in solving syllogisms; these differences arise 
in solving counterfactual syllogisms. Intragroup comparisons allow us to state that the positive form of syllogisms draws better 
results than the negative one. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of EPC-TKS 2015. 
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1. Introduction 
Reasoning is the mediator that makes its mark on everything we think and act. It happens like this because our 
thoughts and actions involve drawing conclusions. When we learn, analyze, judge, evaluate, apply, discover, 
imagine, we draw conclusions based on available information, therefore reasoning plays an important part. 
Cognitive development is considered a key element of the educational process, providing benchmarks in education. 
In any stage of development, education should guide the pupils towards the development of the following cognitive 
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abilities: to focus on relevant information, to explore, to compare and to choose according to their goals, to ignore 
irrelevant information, to represent what is associated with existing knowledge, to reason by inference in order to 
assess the validity of models and conclusions, to prefer solutions that are better than existing ones (Demetriou, 
Spanoudis  &  Mouyi,  2011).  At  primary  school  age,  learning  becomes  the  dominant  activity,  therefore,  it  is  
important for a teacher to observe the changes that occur at the level of cognitive development in order to organize 
educational activities in accordance with its principles. In education, reasoning as cognitive ability has a special 
place and it is considered a predictor of the learning activity. Deductive reasoning, implicitly syllogistic reasoning, 
necessarily leads to true conclusions if the premises are true. Some theories claim that young schoolchildren cannot 
reason in a deductive manner, however, others argue that deductive reasoning is not dependent on age, and in this 
context we refer to an innate mental logic. Therefore, we propose to study syllogistic reasoning as a form of 
deductive reasoning during a stage of development (primary school age). 
2. Theoretical background 
Syllogisms are arguments based on which, out of two premises one reaches a conclusion. Every statement in the 
premises  contains  two  terms:  one  term  -  medium  term  (B)  -  appears  in  both  premises,  while  other  two  terms  are  
known as end terms. The conclusion of the syllogism relates the terms of the two premises via the medium term 
(Marrero & Gamez, 2004). Experimental research demonstrates that young children can make deductive inferences 
about counterfactual premises. Dias & Harris (1990, apud Goswami, 2008) have shown that children can solve 
counterfactual problems using the knowledge of reality rather than deductive logic. This is possible as long as the 
logical problems are presented in the context of game. Leevers and Harris (2000, apud Goswami, 2008) tried to 
prove that the game has no influence on deductive logic. The authors have provided 4 year old children 
counterfactual syllogisms similar to those offered by Dias and Harris. 4 year old children solve syllogistic reasoning 
problems in a correct manner and this was transferred to new counterfactual problems 2-3 weeks later, without 
mental imagery instructions. The manipulations of the authors improve syllogistic reasoning because these 
encouraged children to mentally process the premises without considering them absurd. According to Piaget's 
theory, children can achieve linear inferences when they can use some rules of logic. This ability appears in the 
stage of concrete operations, around the age of 7 years. Children in the preoperational stage consider objects and 
features in a nominal manner, isolated from other objects or features (Bouwmeester, Vermunt & Sijtsma, 2012). 
Other theorists have criticized Piaget's ideas related to the differences between children in the preoperational stage 
and the ones in the concrete operational one. Braine (1959, apud Bouwmeester, Vermunt & Sijtsma, 2012) claimed 
that, at the age of 5, a child can solve linear inferences if the information in the premises are clear; in fact, the real 
problem is not logical reasoning, but updating the premises. Contrary to Piaget's theory, preschoolers can respond 
correctly to syllogisms and provide adequate justification for their answers. (Hawkins et al., 1984, apud Galotti, 
Komatsu & Voelz, 1997). Children achieve very good performance at congruent problems (an average of 94% 
correct answers) and poorer performance at incongruent problems (an average of 13% correct answers), an average 
performance at imagination issues (an average of 73% correct answers). Children between 6 to 8 years of age 
experience difficulties in differentiating syllogisms with similar premises and syllogisms with different premises 
(Markovits, Schleifer & Fortier,1989, apud Galotti, Komatsu & Voelz, 1997). Even if these results emphasize that, 
at an early age, children can come to a deductive conclusion, they do not manifest an understanding of the relation 
between premises and conclusions before the age of 11. In a study developed by Moshman & Franks (1986, apud  
Galotti, Komatsu & Voelz, 1997), pupils in grades IV, VII and high-school were offered a number of arguments that 
differ in terms of truth value of premises, of conclusions and validity of arguments. The results show that pupils in 
grade IV have great difficulty in choosing valid arguments. Before the age of 12, children show a low explicit 
awareness of logic validity. Thus, one can notice a lack of appreciation and full understanding of the idea of logic 
validity. 
In a study developed by Galotti, Komatsu and Voelz (1997), some children were asked to solve 16 traditional 
syllogisms, each having an inductive version and a deductive version (4 affirmative and particular, four universal 
and affirmative, 4 negative and particular, 4 negative and universal). Preschoolers have not obtained significant 
differences in the proportion of responses “yes”. Pupils in grade II responded differently between the affirmative 
and negative items, but only in the case of the deductive version. The same pattern is also found in the case of pupils 
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in grades IV and VI. In the second experiment, the same syllogisms were used, except that participants had to justify 
their answers. The types of explanations offered by children differ. Thus, preschoolers show a low understanding of 
the distinction between the inductive and deductive version. There is an improvement in understanding during the 
first years of school. 
3. Methodology of research  
3.1. Objective and hypothesis of the study 
The objective of this study is to analyze syllogistic reasoning during a stage of development (primary school 
age). The hypothesis that will be tested in this study is the following: we assume that there are significant 
differences concerning the ability of syllogistic reasoning according to chronological age. The study is comparative 
(quasi-experimental), the independent variable is of classificatory type and the dependent variable is represented by 
the scores obtained in syllogistic reasoning tasks. 
3.2. Participants  
In this study, we included 215 primary school children, selected at No.11 Middle School, Oradea. The average 
age is 9.647, and the standard deviation is 0.955. Out of the total of participants, 85 are in grade II, 74 pupils are in 
grade III and 56 pupils in grade IV. 100 pupils are girls and 115 are boys; 159 come from families with secondary 
education and 56 from families with higher education. 
3.3. Instruments 
In order to achieve these objectives, we used a set of 16 syllogisms (Appendix A). These syllogisms were 
grouped into four categories: universally affirmative, universally negative, particularly affirmative and particularly 
negative. Each category includes four syllogisms. Each syllogism consists of two premises and a conclusion. The 
conclusion is formulated as a question. Pupils must answer that question. To each of these syllogisms, the children 
had the possibility to choose one option from the following: yes, no or not sure. If they chose correctly, they were 
given one point. A total was calculated for each of the four categories and a total for all syllogisms. In addition to 
this list, we used a list of counterfactual syllogisms, two from each category (Appendix A). 
4. Results  
Analyzing the total scores obtained by the pupils in the study, in the case of syllogisms, we observe that there are 
not statistically significant differences between the studied groups, since the value of F (2,212) corresponds to a 
higher threshold than the critical threshold of 0.05. On the other hand, for the scores obtained at counterfactual 
syllogisms, the differences are highly significant, we have F (2, 120) = 38.833 with a threshold of 0.000. Coefficient 
f has a value of 0.647, indicating a large effect size, the statistical power is 1.000. Thus, the relation between the 
grade attended and counterfactual syllogisms is strong, 64% of the performance variance in the case of 
counterfactual syllogisms is explained by chronological age. 
                    Table 1. Means, standard deviations and analysis of univariate variance for the pupils in grade II 
N  Mean  Standard 
deviation 
F p Effect size part Ș2
Universally 
affirmative 
syllogisms 
85 3.42 0.80 
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Universally negative 
syllogisms 
85 2.16 1.34 38.67 0.00  0.31 
Particularly 
affirmative 
syllogisms 
85 3.50 1.08 
Particularly negative 
syllogisms 
85 2.45 1.33 
For the pupils in grade II, we obtained an F (3, 252) = 38.670 significant. Therefore, there are significant 
differences at the level of the pupils in grade II according to the type of used syllogism in the sense that, in the case 
of the affirmative ones, the performance is better than in the case of negative ones. 
                     Table 2. Means, standard deviations and analysis of univariate variance for the pupils in grade III 
N  Mean Standard 
deviation 
F p Effect size part Ș2
Universally 
affirmative 
syllogisms 
74 3.36 0.80 
Universally negative 
syllogisms 
74 2.22 1.11 37.95 0.00     0.34 
Particularly 
affirmative 
syllogisms 
74 3.59 0.73 
Particularly negative 
syllogisms 
74 2.68 1.10 
        Greenhouse-Geisser F correction (2.48, 181.16) = 37.950 is statistically significant.  
                     Table 3. Means, standard deviations and analysis of univariate variance for the pupils in grade IV 
N  Mean  Standard 
deviation 
F p Effect size part Ș2
Universally 
affirmative 
syllogisms 
56 3.28 0.92 
Universally negative 
syllogisms 
56 2.64 1.01 11.91 0.00        0.17 
Particularly 
affirmative 
syllogisms 
56 3.51 0.91 
Particularly negative 
syllogisms 
56 3.14 0.86 
F (3,165) = 11.914 is statistically significant, there are significant differences concerning the four types of 
syllogisms, at the level of grade IV. For the types of counterfactual syllogisms, the value of F (3,120) = 6.002 is 
significant, as pupils in grade IV present significant differences in solving the four types. For affirmative syllogisms, 
better performance is obtained compared to the negatives ones. 
5. Discussions   
The quantitative analysis of results allows a partial confirmation of the hypothesis. Intergroup comparisons 
concerning syllogistic reasoning have not revealed significant differences between grades. Counterfactual syllogistic 
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reasoning differs significantly at the level of the three grades (II, III, respectively IV). We obtained appropriate 
values of coefficient f, the effect size indicator. The responses of pupils in grades III and IV are more consistent, 
thus, between them there were no significant differences. At this age, pupils are able to process more dimensions 
simultaneously. The situation is different in the case of intragroup comparisons. Analyzing the results globally, the 
positive form of syllogisms determines better results in comparison to the negative ones. Pupils manipulate more 
easily the affirmative premises than the negative ones. In our everyday activity, we operate more frequently with 
affirmations than with negatives statements. We conclude that the negative form involves deep processing, as pupils 
have to look for valid counterexamples in order to solve correctly syllogisms.  Success in the case of syllogistic 
reasoning tasks depends on the ability of understanding the premises, of combining the information contained in 
them and extracting valid conclusions from these. Deductive reasoning involves a complete understanding of the 
relations between premises (Markovits, Schleifer & Fortier, 1989). At the age of 6, several indicators are present 
that differentiate the consistent logical premises from inconsistent ones. Even though at the age of 6, there is a 
limited ability in this regard, until the age of 11, we cannot talk about a clear distinction between logical and 
illogical syllogisms. A potential explanation for the results obtained from developmental perspective is consistent 
with the approach of Chi, Glaser and Rees (1982, apud Byrnes & Overton, 1986). The authors noticed that the effect 
of chronological age does not reflect differences in logical competence, but it reflects a better capacity of older 
children of using formal linguistic conventions. 
Reasoning, the utilization of information for the purpose of making inferences and drawing conclusions is a 
fundamental cognitive and integral activity of everyday thinking. The way in which individuals understand aspects 
of  everyday  reality,  the  way  in  which  they  make  decisions  depends  on  the  ability  to  manipulate  and  transform  
knowledge in different contextual situations. The human intellect builds mental models intended to represent the 
relations between terms during problem solving (Perret, Bailleux & Dauvier, 2011). Children's performance in 
solving reasoning can be determined by matching the processing capacity of the child and the relational complexity 
of the task. 
6. Conclusions 
When and how is the ability of solving syllogisms developed? The question remains open as researchers have 
come to different conclusions in the course of research. At one pole, there are those who claim that the ability of 
solving syllogisms develops starting with childhood; at the other hand, there are those who refute this aspect. The 
difficulties faced by children are due to the presence of preoperational thinking and the absence of operational 
thinking. The results of the studies developed by Kunn (1977) are consistent with the idea that the logic operations 
required in order to solve syllogisms are acquired during secondary school. 
APPENDIX A 
EXAMPLES OF SYLLOGISMS 
UNIVERSALLY AFFIRMATIVE 
1. All houses have windows. 
All windows are made of glass. 
Do all houses have glass windows? 
UNIVERSALLY NEGATIVE 
1. All bears are animals that live in the forest.  
No animal in the forest is fed with food.  
Are bears animals that eat food? 
PARTICULARLY AFFIRMATIVE 
1.All houses have windows.  
Andrew has a house.  
Does Andrew’s house have windows? 
PARTICULARLY NEGATIVE 
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1. In spring, no migratory bird leaves to hot countries. 
The swallow is a migratory bird. 
Do swallows leave to hot countries, in spring? 
EXAMPLES OF COUNTERFACTUAL SYLLOGISTIC REASONING TASKS 
1. All frogs feed with honey. 
A frog lives in the lake 
Does this frog feed with honey? 
Bibliography 
Bouwmeester, S., Vermunt, J.K. & Sijtsma, K. (2012). The latent variable approach as applied to transitive reasoning. Cognitive Development, 
27, 168-180. doi:10.1016/j.cogdev.2012.03.001. 
Byrnes, J. & Overton, W. F. (1986). Reasoning about certainty and uncertainty in concrete, causal, and propositional contexts. Developmental 
Psychology, 22, 793-799. 
Demetriou, A., Spanoudis, G. & Mouyi, A. (2011). Educating the Developing Mind: Towards an Overarching Paradigm. Educational Psychology 
Review, 23, 601-663.  
Galotti, M.K., Komatsu, K.L. & Voelz, S (1997). Children’s Differential Performance on Deductive and Inductive Syllogism. Developmental 
Psychology, 33 (1), 70-78.  
Goswami, U. (2008). Cognitive Development. The Learning Brain. Hove: Cambridge University Press.  
Kunn, D.(1977). Conditional Reasoning in Children. Developmental Psychology, 13 (4), 342-353.  
Markovits, H., Schleifer, M. & Fortier, D. (1989). Development of Elementary Deductive Reasoning in Young Children, Developmental 
Psychology, 25 (5), 787-793.  
Marrero, H. & Gamez, E. (2004).  Content and Strategy in Syllogistic Reasoning, Canadian Journal of Experimental Psychology, 58 (3), 168-
180.   
Perret, P., Bailleux, C. & Dauvier, B (2011). The influence of relational complexity and strategy selection on chlidren’s reasoning in the Latin 
Square Task. Cognitive Development, 26, 127-141. doi:10.1016/j.cogdev.2010.12.003. 
